Purpose of Review Fragment-specific fixation can be a useful tool in treating distal radius fractures. In order to best utilize these techniques, surgeons require an understanding of the normal anatomy, fracture patterns, approaches, and fixation strategies. Recent Findings Fragment-specific fixation may be appropriate for certain fracture patterns particularly when monoblock plating techniques are not sufficient. Summary Radial styloid, volar rim, dorsal wall, dorsal-ulnar corner, and impacted intraarticular fragments may be secured with implants designed specifically for each individual fragment. Although more technically demanding, advantages include accurate articular reconstruction, minimal hardware irritation, and reliable functional outcomes.
Introduction
Distal radius and ulna fractures are the most common fracture in adults representing 2.5% of all emergency room visits and 44% of all fractures [1, 2] . Nonoperative management can be successful for stable fractures. However, displaced or unstable fractures are usually indicated for operative treatment in order to restore alignment, function, and prevent premature arthrosis (Table 1) .
Surgeons may choose from several operative options depending on the fracture type. Fragment-specific fixation is usually indicated in cases in which stabilization of specific articular segments is required. Additionally, fragmentspecific fixation may augment monoblock or spanning plates especially to reconstruct articular congruity. Although fracture morphology has been described in a variety of classification systems, we find the fragmentspecific classification system described by Medoff most applicable to these techniques [3] (Fig. 1) . However, we intend discuss several classification systems as they relate to the common fragments.
The following article will discuss the anatomy of the distal radius, the pathomechanics and features of common articular fragments, surgical approaches, techniques to restore small articular segments, and the outcomes to be expected.
Radial Styloid

Anatomy
The articular surface of the radial styloid is concave and is the apex of the triangle that makes up the distal radiocarpal articulation [4] . The main ligamentous attachment of the volarradial styloid includes the radioscaphocapitate (RSC) ligament and a portion of the long radiolunate (LRL) ligament. The RSC ligament constrains carpal pronation and provides restraint to ulnar translation of the carpus [5] . The LRL ligament moderately constrains carpal pronation. Dorsally, the radiotriquetral ligament provides stability in supination [6] .
The superficial radial nerve lies in the subcutaneous fat proximal to the radial styloid, giving off a palmar branch before passing over the first dorsal compartment [7] . The cephalic vein lies radial and volar to the dorsal trunk of the superficial radial nerve, close to the radial styloid. The first dorsal compartment lies in a trough formed by fibro-osseous septae on the volar-radial and dorsal-radial aspect of the styloid [8] . The second dorsal compartment lies adjacent to the first, diverging at the mid to distal radial styloid toward the metacarpal bases [8] . The radial artery runs deep to the first dorsal compartment, distal to the styloid [9] . The brachioradialis has a broad, flat tendon with a footprint averaging 95.3 mm 2 , with a length of 15 mm and a width of 11 mm [10] . The distal point of the insertion is 17 mm proximal to the tip of the styloid and the proximal portion inserts 32 mm from the tip [10] .
Types of Fractures
Fractures of the radial styloid usually occur due to compression or shear force of the scaphoid against the radius, but they occasionally result from an avulsion force as severe ulnar deviation and supination create tension along the RSC ligament, which may fail at its attachment to the styloid. Styloid fractures may be a component of distal radius fractures, carpal dislocations, and radiocarpal dislocations. Isolated radial styloid fractures were originally described in chauffer's who suffered shear-type injuries from the kickback of a crank on older cars [11] . Melone also described styloid fractures as they related to a compression force. He noted 4 distinct fragments that commonly formed in distal radius fractures: radial shaft, dorsal medial fragment, palmar medial fragment, and radial styloid [11] . The AO/ASIF classification provides the most comprehensive classification of radial styloid fractures: B1.1 represents a simple fracture of the radial styloid, B1.2 represents a comminuted radial styloid fracture, B2.2 refers to distal radius fractures with dorsal subluxation and radial styloid involvement, and B2.3 refers to a radiocarpal dislocation with avulsion of the radial styloid by way of the radioscaphocapitate ligament [12] . Lastly, the Fernandez classification system refers to the mechanism of the distal radius fractures: bending fractures (type 1), shearing fractures of the joint surface (type 2), compression fractures (type 3), avulsion fractures (type 4), and combined fractures (type 5). The radial styloid fractures can be shearing (type 2) or avulsion (type 4) [13] .
Radial Approach
The radial approach is along the radial aspect of the wrist directly over the radial styloid. The incision can be longitudinal or oblique. The radial sensory nerve should be identified in the subcutaneous tissue and retracted. The first dorsal compartment will be running on the volar aspect of the radial styloid, and the second dorsal compartment will be dorsal. The brachioradialis inserts onto the styloid deep to the first compartment. For exposure, the first compartment's tendon sheath can be released and the styloid can be exposed through the compartment floor between the abductor pollicis longus and the extensor 12:190-197 pollicis brevis. Additionally, the brachioradialis can be released proximally for better exposure and to alleviate the deforming force of the muscle [10, 14] .
Types of Implants
Plate
This plate is ideal for radial styloid fractures with metaphyseal comminution, but can also be used in conjunction with other types of plating. After reduction of the fracture and placement of the plate over the radial styloid, the first screw is placed in the oblong slot to secure the plate to the radius. The distal locking and nonlocking screws can then be placed [15•] .
Pin Plate
After reduction is confirmed with fluoroscopy, a K-wire is inserted into the radial styloid. The pin plate is placed over this K-wire and secured to the radius with one of two screws proximally. An additional K-wire can be placed as well. Both K-wires are backed out, bent, and impacted through the pin hole in the plate. Additional screws can be placed proximally for increased stability.
Hook Plates
Hook plates can be used for fixation of small, distal fragments that do not lend themselves to screw fixation. The hook is placed through the fragment, and the screw is placed proximally once reduction is obtained.
Screws
Simple fractures of the radial styloid can be reduced with a Kwire and secured with screws. The surgeon may select from headed, headless, cannulated, or solid screws to hold fixation (Fig. 2) .
Tension Band
To counteract the wrist extension and ulnar deviation mechanism of certain radiocarpal dislocations, small radial styloid avulsion fractures can be secured with a tension-band construct to counteract the tensile forces [16] .
Outcomes
The most common complication following radial styloidspecific fixation is transient radial sensory nerve neuropraxia [17••] . Patients occasionally require implant removal due to hardware irritation [18] . Radial styloid plates have also been used to assist in fracture reduction prior to volar plating. These plates can be either removed at the end of the procedure or left in place. In one study, 36% of patients elected for implant removal at an average of 7 months following surgery [19] , although in the authors' experience, this figure seems higher.
Volar Rim
Anatomy
The volar surface of the distal radius is relatively flat until the very distal margin, which slopes volarly to form a ridge from which the volar radiocarpal ligaments (short and long radiolunate ligaments) originate. When viewed in the axial plane in cross section, the distal cortical margin of the radius slopes volarly from the radial to ulnar aspect [20] . This corner of the radius imparts "critical" stabilization to the carpus and can be a common source of failure if not properly secured [11] .
Types of Fractures
Volar rim fragments are usually formed from a shear force or by compression of the lunate against the radius. Occasionally, an avulsion fracture may pull small fragments from their ligamentous origins at the volar rim as well. The Fernandez classification type II would include volar shear fractures and type III would include compression fractures. In the AO classification system, B3.3 fractures involve a volar rim fragment typically resulting from a shear force. There can be volar rim 
Volar Approach
The volar extensile approach incorporates a carpal tunnel release and allows direct visualization and fracture reduction of the volar-ulnar corner of the distal radius [14, 21, 22] . The incision should be placed between the palmaris longus and flexor carpi ulnaris tendons. The incision is extended obliquely across the wrist to include a carpal tunnel release incision. The fascia is released between the flexor carpi ulnaris and the palmaris longus. The interval should be developed between the ulnar neurovascular bundle underneath the flexor carpi ulnaris ulnarly and the flexor digitorum superficialis/ profundus tendons radially. Moving distally, the ulnar neurovascular structures move ulnarly toward Guyon's canal and the finger flexor tendons can be retracted radially to expose the volar-ulnar corner of the distal radius and the floor of the carpal tunnel [14] .
Types of Implants
Buttress Pin Plate
Once a K-wire is placed to hold the reduction of the fracture fragment, a pin plate can be slid over the wire. A screw is placed proximally in the shaft to hold the plate reduced. The wire is then backed out, bent, and impacted into an adjacent hole. An additional K-wire can be placed distally, and screws can be placed proximally [23] (Fig. 3) .
Tension Wire
For small, very distal fragments, a wire can be placed through the volar ligamentous attachments on the fracture fragment and looped in a figure-of-eight through two small bone tunnels made in the metaphysis. The tunnels can be made with a 2-mm drill and widened with a curette as necessary. Care should be taken not to fracture the bone bridge between the tunnels. The wire enters in one tunnel and exits the other before being twisted. This technique minimizes prominent hardware that becomes a major issue with very distal fracture fixation constructs [24] (Fig. 4) .
Hook Plate
If the fragment is too small to capture with a standard volar plate or if the fracture is distal to the watershed line, a hook plate can be applied alternatively as either a separate construct or an extension of a volar locking plate. Once the volar plate is placed, fragment is predrilled to accommodate the hook plate, and the hook plate is fixed to the volar plate [25••] .
Outcome
Volar lunate shear fractures are at risk of losing reduction and the hardware can be prominent, leading to tendon irritation requiring hardware removal. The carpus may translate volarly when the fragment is not properly reinforced [3] . Up to 13% of lunate facet fractures can lose reduction when a standard volar plate is used [26] . If a volar plate is used, it may need to be placed very distal in order to capture the fragment. As a result, hardware irritation is common in this location and may be present in up to 41% of fractures [27] . In another study, five out of 15 volar hook plates needed to be removed due to symptomatic hardware [25••] . Wire loop fixation had good results without any complications in a small series of distal lunate facet fractures [24] . 
Dorsal-Ulnar Corner
Anatomy
The dorsal-ulnar corner of the radius includes the dorsal corner of the distal radioulnar joint. The dorsal-ulnar corner constitutes the bony rim of the sigmoid notch and serves as the origin of the dorsal radioulnar ligaments [9] . The triangular fibrocartilage complex arises at the ulnar aspect of the lunate facet of the distal radius and extends onto the base of the ulnar styloid process, functioning as an important stabilizer of the distal radioulnar joint. Its volar and dorsal margins are thickened, blending into the dorsal and volar radioulnar ligaments [28] . Rotation of the radius about the ulna is accompanied by translation such that in supination, the ulnar head displaces volarly in the notch, while in pronation, it moves dorsally. Displacement of the ulnar corner fragment in relation to the ulnar head can result in abnormalities of the distal radioulnar joint [3] .
Types of Fractures
The dorsal-ulnar corner fragment may result from stresses of the lunate against the radius or the ulnar head against the sigmoid notch. It may be associated with incongruity of the distal radioulnar joint (DRUJ). These are generally noted in higher energy injuries with comminuted fractures. Medoff described the fragment in his classification system as did Melone in type III, IV, or V fracture patterns. The AO classification noted involvement in type B1.3, B2.3, C1.1, and C1.2 and all C3 fracture patterns. In the Fernandez classification system, the dorsal-ulnar corner can be involved in type III and V fractures.
Dorsal Approach
The dorsal approach begins by identifying Lister's tubercle and making a longitudinal incision in line with the third metacarpal just ulnar to Lister's tubercle. Dissection proceeds down to the extensor retinaculum and full thickness skin flaps should be raised, which will protect the branches of the radial sensory and dorsal-ulnar sensory nerves and any dorsal veins. The extensor pollicis longus can be identified ulnar to Lister's tubercle. An incision through the extensor retinaculum and the roof of the extensor pollicis longus is made, releasing the extensor pollicis longus, which is retracted radially. The second and fourth compartments are raised under the periosteum in opposite directions to expose the dorsal surface of the radius [14] . The posterior interosseous nerve lies proximally within the floor of the fourth dorsal compartment. It provides sensation and proprioception to the dorsal wrist capsule at this level [29] . It may be excised if arthrosis or pain is anticipated. If visualization of the radiocarpal joint is required, a capsulotomy can be made in this interval in order to treat concomitant intracarpal injuries.
Dorsal-Ulnar Approach
The dorsal-ulnar approach provides direct visualization of the dorsal-ulnar corner of the distal radius [14] . The distal radioulnar joint is palpated and a longitudinal incision is placed above it. The fifth dorsal compartment can be identified by visualizing the extensor digiti minimi exiting distally. This compartment can be released and the distal radioulnar joint is deep to its floor. Care should be taken to preserve the distal radioulnar ligaments, as excessive stripping may lead to instability of the DRUJ.
Type of Implants
Dorsal Pin Plate
Similar to other pin plates, a K-wire is placed through the fracture fragment. The pin plate is placed over the K-wire and secured to the radius with a proximal screw. An additional K-wire and additional proximal screws are placed to hold the reduction [23] . The pin plate has advantages in smaller fragments where screws may be too large to gain fixation (Fig. 5) . 
Precontoured Plates
A variety of dorsal precontoured plates exist, but usually are shaped in a "T," "L," or a teardrop morphology. Once the fracture is reduced and held with a K-wire, the plate can be secured to the radius proximally; then, screws can be placed to hold the fracture reduction.
Outcomes
Incongruity of the dorsal-ulnar corner of the distal radius can destabilize the distal radioulnar joint. When the forearm is in pronation, there will be an increase in volar-ulnar translation of the radius and the ulna head will become prominent dorsally [30] . Although early designs of dorsal plates were reported to have an unacceptable rate of extensor tendon rupture, modern designs with smoother edges and lower profiles have been shown to have a significantly reduced risk [31] .
Dorsal Wall
Anatomy
The dorsal surface of the radius is irregular and the cortex is thin, leaving it at risk of fracture with dorsal angulation and comminution. The main irregularity is Lister's tubercle, which acts as a pulley for the extensor pollicis longus. The dorsal distal radius is concave and directly in contact with extensor tendons [21] . 
Types of Fractures
The dorsal wall can be involved in compression, bending, or high-energy fractures with comminution. Dorsal bending and axial loading injuries to the distal radius often result in comminution of the dorsal wall, with one or more dorsal wall fragments that may rotate into dorsiflexion. The presence of a dorsal wall fragment implies dorsal instability and can be associated with large metaphyseal defect [3] . Dorsal wall fractures also occur with dorsal shearing injuries.
Approach
It is a universal dorsal approach as described above.
Types of Fractures
Dorsal implants as described above would be desirable if large segments of articular surface are incongruent or if dorsal carpal displacement is present [32] (Fig. 6 ). Bone graft is also commonly placed behind the dorsal wall when required to support impacted fragments.
Outcomes
Kim et al. have shown that dorsal rim fractures appear larger on preoperative CT scans and, when displaced less than 2 mm, can still be treated with volar plating [33] .
Impacted Intraarticular
Anatomy
Impacted articular fractures can have several fragments involved. The fractures can be difficult to mobilize and reduce due to their small size and inaccessibility. These fractures can be visualized radiographically by noting subchondral bone in the metaphyseal area on AP or lateral views [3] . Additionally, a surgeon could use an arthroscope intraoperatively to assess congruity.
Types of Fractures
These fractures are typically higher energy, resulting in multiple fracture fragments in addition to the impacted articular pieces. A compression force generally drives the articular segment proximally.
Approach
Any of the above approaches can be used to correct impacted fragments. The rim or styloid fragments can be "booked open" or rotated on their ligamentous attachments to expose deeper segments. Those segments can be elevated with a tamp and usually assisted with bone graft for support.
Types of Implants
Any of the above implants can also be used to support an intraarticular impacted fragment. The surgeon should try to place the pins or screw within the subchondral bone of the fragment to create a "raft" for support.
Outcomes
Studies have shown that failure to restore a congruent joint surface leads to earlier onset posttraumatic arthrosis [34, 35] .
Conclusion
Distal radius fractures are a very common injury seen by upper extremity surgeons. Fragment-specific fixation can be utilized in cases in which stabilization of specific articular segments is required. Radial styloid, volar rim, dorsal wall, dorsal-ulnar corner, and impacted intraarticular fragments may be secured with implants designed specifically for each individual fragment. Although these techniques can be technically demanding, they can be used independently or in combination with other fixation techniques to obtain accurate reductions and favorable functional outcomes. 
